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1.0 Abstract

The Lewis River Settlement Agreement calls for a study to evaluate bull trout entrainment at both
Y ale and Merwin hydroelectric projects and subsequently the development of an Entrainment
Reduction Plan that minimizes negative impacts to bull trout and other species associated with
entrainment. We investigated entrainment rates at Y ale Hydroel ectric Project using hydroacoustic
equipment coupled with underwater video cameras. Hydroacoustics detections were filtered to
eliminate debris and non-fish hits then analyzed in relation to a calculated fish entrainment zone.
Overall fish were entrained at arate of 0.19 fish per hour with a size range of 4.78 to 44.04 cm.
Underwater cameras allowed us to observe only two fish that appeared to be kokanee.

Based on the results and analysis of bull trout entrainment at Y ale dam, we do not find there to be
enough compelling evidence to warrant placement of an entrainment reduction device at Yalefor
the prevention of bull trout entrainment

2.0 Introduction

The Lewis River Settlement Agreement calls for a study to evaluate bull trout entrainment at both
Y ale and Merwin hydroelectric projects and subsequently the development of an Entrainment
Reduction Plan that minimizes negative impacts to bull trout and other species associated with
entrainment. Settlement Agreement Section 4.9.3 specifically describes evaluation of either strobe
lights or a barrier net with submersible cork lines that could be designed to accommodate a
Merwin-type floating trap (See Appendix 1).

PacifiCorp has previously studied fish entrainment during relicensing of the Lewis River
Hydroelectric Project. These past entrainment studies have provided useful information and
guidance for designing a proposed entrainment study at Yae and Merwin dams. A brief summary
of the pertinent information from these studies follows.

The 1997 entrainment study at the Yale facility (PacifiCorp 1999) used hydroacoustics to evaluate
fish entrainment that occurred over a four-month period extending from January through April.
Entrainment rates during this time averaged approximately 21 fish per hour with arange of 40 to
180 fish per hour (unfiltered data). Estimated fish size ranged from 7 to 16 cm (2.75 to 6.30
inches). Fish were observed at higher frequencies in the upper, as opposed to lower, portion of the
water column and also higher frequenciesin the intake Bay 2 (Turbine 1) as compared to Bay 1
(Turbine 2). PacifiCorp also found the highest percent of the fish (60%) were entrained at the
Turbine 1 intake.

A 2002 entrainment study at Swift Dam (PacifiCorp 2004) used arotary screw trap and fish
salvage operations to capture fish downstream of Swift No.1 turbine discharge that were
presumably entrained at Swift No. 1 and entered the Swift canal. The purpose of this study wasto
assess species composition and relative abundance of fish entrained in the Swift No. 1 project.
This study identified 12 species of potentially entrained fish. The total number of entrained fish
decreased from the start of the study in winter to the end of the study in summer. Three Bull trout
were collected during spring and one during the summer sampling periods.
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The approach to the SA Section 4.9.3 requirement was to evaluate current entrainment at the Yale
intakes to obtain more recent information on fish sizes and numbers in order to make more
informed recommendations for an entrainment reduction device. In order to do that, the 1997
entrainment study of the Y ale facility was repeated with hydroacoustic equipment with underwater
video cameras added.

There were two major objectives established for this Study and approved by the Lewis River
Aquatics Coordination Committee (ACC): 1) Evaluate fish entrainment into the turbine intakes at
Y ae and Merwin dams, and 2) Develop a draft Entrainment Reduction Plan for review by the
ACC. We developed this report to address these two objectives and include atotal of five (5)
interrelated tasks that are described below. This report focuses on the Y ale project in the near
term both in the study phase and the entrainment reduction plan phase. Once an entrainment
reduction plan isin place and actions at Y ale implemented, the Merwin phase of this project will
be addressed. That phase will include an assessment of the need for entrainment reduction at
Merwin and, if that moves forward, then we will conduct an evaluation of applying the Y ale plan
and design to Merwin.

3.0 Study Site

Our research was conducted at Y ale dam along the mainstem Lewis River in Southwest
Washington (Figure 3.0-1). Yale Dam islocated on the North Fork Lewis River approximately 30
miles upstream from the confluence with the Columbia River. The Y ale Hydroelectric Project isa
134 MW plant owned and operated by PacifiCorp that lies directly upstream of the Merwin
Hydroelectric Project on the Lewis River. Construction of the Y ale Project began in 1951 and was
complete by 1953. The project consists of amain embankment dam, saddle dam, reservair,
penstocks, powerhouse, and transmission line. The Y ale project is operated in coordination with
the other three hydroel ectric facilities (Merwin, Swift No. 2 and Swift No. 1) on the North Fork
Lewis River.

3.1 Yale Dam and Reservoir

The main dam is arolled earthen fill embankment type dam with a crest length of 1,305 ft and a
height of 323 ft above its lowest foundation point. Its crest elevation is 503 ft-msl. The saddle
dam islocated Y2 mile west of the main dam and is approximately 1,600 ft long and 40 ft high with
acrest elevation of 503 ft-msl. The main dam has a chute-type spillway, located in the right
abutment, with a capacity of 120,000 cfs through five 30-foot by 39-foot taintor gates at reservoir
elevation 490 ft-mdl.

YaleLakeis approximately 10.5 mileslong with a surface area of approximately 3,800 acres at
elevation 490 ft-mdl (full pool). At full pool, the reservoir has a gross storage capacity of
approximately 401,000 acre-ft. At the minimum pool elevation of 430 ft-mdl, the reservoir has a
capacity of approximately 190,000 acre-ft.

The Yale Project consists of two tunnels/penstocks leading from Y ale Dam to the powerhouse.
Water is delivered to the tunnels/penstocks via a common intake. The intake for the Unit number
2 penstock is located on the intake gallery side nearest the spillway while the Unit number 1
penstock is located closest to the shoreline. The Yaleintakeisarelatively
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Lewis River Hydroelectric Project
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=

Figure 3.0-1. Map showing location of Yale Lake and the Lewis River Hydroelectric
Proj ects.

deep (approximately 90 ft. below full pool), high-head intake with design velocities ranging from
between 10 and 20 feet per second (fps). The intakes are protected from large debris by steel trash
racks on approximately 4-inch spacing. The maximum diameter of each of the Y ale penstocksis
18.5 ft; the minimum diameter is 16 ft. Penstock velocities range from 18.2 fpsin the tunnel to
24.3 fpsin the penstocks smallest sections. The Y ale penstocks are each capable of passing a
maximum of 4,880 cfs. The Y ale powerhouse contains 2 Francis-type generator units with atotal
installed capacity of 108 MW (nameplate). The powerhouseislocated at the base of the earth
embankment on the left side (facing downstream) of the old river channel. The generators were
originally installed in 1952. The turbines were rehabilitated coincident with generator rewindsin
1987 and 1988, respectively. In 1995, PacifiCorp installed a new fish friendly/more efficient
runner in Yale Unit No. 2. A similar runner wasinstalled in Unit No. 1in 1996. The new runners
increased Y ale generating capacity to 134 MW. Power generated at the Yae Project is transmitted
11.5 miles over a 115 kilovolt (kV)-transmission line (Lake Line) to a substation adjacent to the
Merwin Project.

Yale reservoir is used heavily for recreational fishing and boating and supports natural self-
sustaining populations of Kokanee (Onchorhynchus nerka), Bull trout (Salvelinus confluentus),
and Coastal Cutthroat trout (O. clarki). Large-scale Sucker (Catostomus macrocheilus), Mountain
Whitefish (Prosopium williamsoni), Northern Pikeminnow (Ptychocheilus oregonensis),
Threespine Stickleback (Gaster osteus aculeatus), Long-nose Dace (Rhinichthys cataractae) and
Sculpins (Cottus sp). also residein Yale Lake. WDFW does not typically stock Yale Lake with
artificially produced fish. However, rainbow trout (O. mykiss) that are stocked in Swift Reservoir
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and Swift No. 2 power canal (just upstream of Y ale Lake) occasionally enter Y ale Lake through
the upriver project turbines or through spill.

4.0 Methods

The following are ACC-approved sub tasks for this study:

Task la. Investigate the Amount of Entrainment Occurring at Each Project Prior to
Placement of a Barrier Net; and

Task 1b. Determineif any of the Entrained Fish are Bull Trout.

We combined these two tasks (Tasks 1aand 1b) to estimate both the number and species
composition of fish being entrained into the Yale Dam intakes. For this, we used a combination of
hydroacoustic and underwater video technologies. As stated earlier, investigations at Merwin
follow Yaeimplementation. Hydroacoustic technology was used to determine the amount of
entrainment that occurred, while sampling with an underwater video camera was used to
determine the occurrence and relative proportion of bull trout that were entrained.

Data from past Lewis River entrainment studies indicated that overall entrainment of small fish at
Y ale Dam can be high (40-180 fish per hour) during the winter and spring but drops off during the
summer (PacifiCorp 1999) and also that three bull trout ( 75mm to 300mm) moved downstream in
the Swift Canal during spring and summer (PacifiCorp 2004). Datafrom other Pacific Northwest
riversindicate that post-spawning adult bull trout migrate downstream in the fall (Wade and
Tranquilli 2002; US Bureau of Reclamation 2004). Recent data from tagged bull trout in the
Willamette River basin documented adult movement out of the Cougar reservoir during October
(personal communication with Mark Wade, Oregon Department of Fish and Wildlife, Leaburg,
OR). Based on these studies, a sampling window was selected that began in early October 2005
and continued into July 2006.

4.1 Underwater Video Design

To generate data relevant for species composition and species proportions of the fish entrained by
the intakes, two SEA VIEW® underwater video cameras were mounted to the dam upstream of
the intakes. The cameras were mounted and focused to cover as much as possible of the entrance
to both intakes. The cameras were attached to the dam at the mouth of the intakes by commercial
divers.

The cameras were equipped with internal illumination. Since it was possible that the lighted
camera at adepth of 70 feet would serve as a source of fish attraction, we minimized this concern
by operating the camerafor a brief period each day. In addition, the 24-hour hydroacoustic data
was intended to be used to test the hypothesis that the use of the cameralight does not alter the
fish entrainment.

With an 18-degree lens, each camera allowed coverage of an area approximately 20 feet wide by
10 feet deep, about one half of each intake opening. Past entrainment sampling at Y ale found that
the magjority of fish moved through the upper half of the water column (PacifiCorp 2004). We
therefore focused the cameras on the upper half of the water column within the intake. The
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cameras were illuminated with 21 internal sources of white light that provided a clear color image
and allowed the best conditions for species identification.

The video camerainstalled on Unit 1 and was operated for two, 4-hour blocks per day for
approximately one week. After that period, the raw hydroacoustic data was reviewed to determine
timing changes that would allow us to maximize our chances of filming fish being entrained. The
hydroacoustic observations suggested most detections occurred during pre-dawn and evening
period. Thus, the cameras were set up with timers to record from 0600h to 1000h and again from
1600h to 2000h.

The videos were reviewed manually to determine species composition of the entrained fish and to
determine relative abundance by speciesin each sample. The total number and proportions of fish
species captured on film were summarized by week. Limited video observations of fish prevented
any additional testing of cameras. However, it was obvious from the lack of fish seen that the
illuminated camera did not serve to attract fish to their immediate vicinity.

4.2 Hydroacoustic Design

The total amount of entrainment was determined using split beam hydroacoustics. Two
BioSonics' 200-kHz split beam transducers were mounted near the surface and aimed downward
to cover the intake openings (see Figure 4.2-1). In the event that surface mounts would be
inadequate for compl ete coverage during winter drawdown, the transducers were mounted
approximately 18 feet below full pool by commercial divers. The amount of data collected by the
transducers was extensive and generated large data files approximately 16 MB data in one hour.
Nevertheless, to collect the most complete data set possible the transducers were set up to operate
continuously for the duration of the study.
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4.3 Data Analysis

4.3.1 Initial Data Processing

Hydroacoustic data was analyzed to determine daily and hourly entrainment rates. The split beam
data also provided information on the direction of fish travel, the distribution of fish within each of
the intakes, and acoustic size of the entrained fish. Acoustic data files were run through a 2-
dimensional (time/range) trace formation program, as well as manually reviewed for erroneous
records. Tracking parameters were determined by testing trace formation performance with those
from manual analysis. The date/time, mean Target Strength (TS), and mid-range of each accepted
fish trace was written to file, along with a host of other descriptive measurements.

There was a large amount of debris entangled in the trash rack and support structures of the dam
that created a high volume of falsetargets in the datafiles. To address false targets, post
processing of the trace formation output was required. False targets generated by debris and other
static structures are characterized by horizontal banding in the echograms (Figure 4.3-1). To
eliminate these erroneous data, the trace formation output was analyzed for temporal and spatial
peaks in target detection. After identifying the spatial and temporal peaksin false targets, the
corresponding acoustic files were then reviewed to confirm the presence of debris interference.
All targets matching the temporal and spatial |ocation of the observed debris were filtered out of
the dataset. Additional erroneous data was noted during periods when the turbine units were off
and the wicket gates were closed. Sinceit isimpossible for fish to be entrained during thistime,
the data was subject to a second layer of filtering that removes all targets collected during times
when the corresponding turbine was non-operational, defined in this study as flows of less than
100 cfs.

4.3.2 Determination of Entrainment Area

The split-beam hydroacoustic units only covered a portion of the intake opening (Figure 4.2-1). In
addition, due to their near surface mounting location targets were detected far as 41.6 ft above the
intake in areas of estimated low flows. Thus, it was deemed inappropriate to equate filtered target
data with entrained fish. Instead, we used an approach similar to that used in recent entrainment
studies on the Columbia River (Simmons et al. 2006) and we defined a Fish Entrainment Zone
(FEZ) (Figure 4.3-2). Hydroacoustic data was then adjusted, expanded or eliminated as described
below, to account for entrained fish within the FEZ.

No data were available to describe the water velocity in the vicinity the intakes; thus, a conceptual
model of aflow field was generated. The general shape of the flow field was comprised of a half
cylinder covering the intake opening topped by awedge (Figure 4.3-3). This shape was similar to
a Computationa Fluid Dynamics model constructed for turbine intakes at Grand Coulee Dam
(Simmons et al. 2006). A half cylinder extended from the floor to the top of the intake and out a
radius of 8 ft into the forebay. We assumed that for the height and width of the intake opening,
the flow would enter largely along horizontal vectors and that any fish entrained in this flow
would pass through this half cylinder. Flow velocities inside the cylinder were estimated to be
greater than 11.75 ft/sec (fps). For the upper portion of the FEZ, we defined a wedge with the
following three borders: one below can be described as a horizontal plane that extended out from
the top of the intake; the second was the defined by the side of the dam; and, a third was bounded
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above by the 3 fpsisovel (velocity contour) (Figure 4.3-3). The 3 fps velocity contour was used as
a conservative approximation of minimum capture velocity for fish in the vicinity of the intake.

To calculate the distance from the intake to the outer limit of the FEZ, we considered the basic
eguation:

V=R @

where:

A = Area

V = Velocity
Q=Flow

The equations for calculating the surface areas of each shape around the intake opening (Figure
4.3-3) were then used in equation 1:

(AL+ AV =0Q )

where:

A =V4surfaceareaof sphere=rr
Ay =1/2surfaceareaof cylinder=zrh

2

which can be further stated as the quadratic equation:

F(X)=zr2+zhr Q9
v ©)

Theradius, r, in these equations is the unknown distance from the center of the intake openingsto

the point in which avelocity of 3 fpswould occur. In order to solve for r, the quadratic equation is

solved:

-rh+ (7rh)2+47z9
(= \Y

27 @

where:

r = radius, or the distance from the center of the intake opening to the point of velocity, V
h = height of the %2 cylinder, or the center of the intake opening = 8.5 ft

Q = maximum flow through the turbines = 4880 cfs

V =velocity = 3fps.

The result of this calculation described the outer limits of the wedge portion of the FEZ. This
portion extended horizontally a distance of 18.89 ft from the center of the intake opening.
Vertically, the upper limit of the entrainment zone would be approximately 6.4 ft above the top of
the intake opening or 38.6 ft below the transducer (Figure 4.3-3). Using thisinformation, further
data filtering was then conducted, removing all data collected outside the defined entrainment
zone.
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Figure 4.3-2. Graphic depiction of the fish entrainment zone (FEZ) at the Yale hydroelectric
facility intakes.
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4.3.3 Weighting of Fish in Entrainment Area

The areain front of each intake sampled by the split-beam transducer was only a portion of the
area where entrainment was possible. Thus, to estimate total entrainment it was necessary to
expand the data collected within the beam to the entire FEZ. Because the FEZ was composed of
two areas with distinct shape, cylinder and wedge, fish traces were weighted differently according
to these areas, as well asto their depth within each area. Fish detected in front of the intake
opening were weighted according to the proportion of the beam’s width at a given depth to the
total length of the perimeter of the half cylinder, appearing in cross-section as an arc running from
the side margins of the intake to the back margin of the acoustic beam (Figure 4.3-3). Thearc’'s
length was used to accommodate the general shape of the velocity contours around the intake.
Therefore, the weighting factor used for fish tracesin front of the intake was cal cul ated:

_Arclength I
Subsamplewidth 2 Dj * tan* (©/2) )

]

where:

Wij = the weighted observation of fishi at location |
Subsample width = 2 * sample beam radius

lj = the effective width of location j = 28.82 ft

Dij = distance of fishi from transducer at location |
® = angle of mgjor axis of acoustic beam (degrees)

Fish detected above of the intake opening were weighted according to the proportion of the
beam’ s areato the total area of the cross-section of the wedge at the corresponding depth of each
fish detection. Therefore, the weighting factor used for fish traces above of the intake was
calculated as:

Total Entrainmert Area }/z(rz—az)
BeamArea ~ (tan(®/2)*D,

WeightingFactor = )2 (6)

where:

r = radius from the center of the intake opening to the point of velocity of 3 fps
a = distance from the center of the intaketo fishi at location |

O = the effective acoustic beam width (degrees)

Dij = distance of fishi from transducer at location |
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4.3.4 Conversions of Target Strengths to Fish Lengths

Target strengths of each fish trace in the data set were converted to fish lengths using aformula
adapted from Love (1971, 1977):

TSgp =19.1l0gL-64.77 )

where:
TSdb = target strength, and
L= fish length

Total Length, TL, was then solved for each fish target using the equation:
(TSdB+64.77j

_ 19.1
TL =10 (8)

These estimated fish lengths were averaged for each week. In addition, 95% confidence intervals
were calculated to quantify variation in the estimates.

4.3.5 Entrainment Rates

Entrainment rates were estimated throughout the 34-week period of study. First, hourly
entrainment rates were calculated by dividing the total weighted number of fish for agiven day by
the total number of hours that both the turbines and transducers were operational. These hourly
rates were pooled by week and then averaged for a mean hourly entrainment rate per week. The
95% confidence intervals were also estimated to quantify variation in the data.
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5.0 Results

5.1 Study Flow Periods

We observed that there were five different operational conditions that occurred during the study
period (Figure 5.1-1). These were:

1) November 24" to December 27" - Variable turbine operation;

2) December 28" to February 4™ - Steady, high turbine operation;

3) March 13" to April 22™ — Variable turbine operation;

4) April 24" to June 10" — Turbines off to steady, high turbine operation; and,
5) June 11" to July 19" — Variable turbine operation.

There was a period between March 1% and March 15" that the hydroacoustic transducers were not
operating due to reservoir drawdown. No datawas collected during this period (Table 5-1).

5.2 Video Analysis

The video cameras were actually mounted on the side wall of the intake chamber and were
oriented to view across the plane of the intake entrance in the upper third of the intake area (Figure
5.2-1). The videos were reviewed manually to determine species composition of the entrained fish
and to determine relative abundance by speciesin each sample. Unfortunately, because the
camerawas not able to capture the entire width of the intake, very few fish were actually observed
by video camera. While the video image was clear and it was easy to observe sticks and other
debris, it was determined that the camera could only pick up an image of half the intake width.
Therefore, any fish entering the intakes at greater than or equal to about 10 feet from the camera
lens were beyond detection.

Using arandomized block design for video observations, we collected atotal of 616 hours of film
for each intake that documents entrainment at all hours of the day and each day of the week. This
resulted in approximately 50 hours of film for each of the 12 possible time blocks at each intake.
With this sampling design, we intended to capture seasonal or diel patternsin entrainment as well
as increasing the chance of capturing rare events. However, video observations of fish were too
illuminate any patterns and furthermore, suggested that additional targeted filming would be
unproductive. At the end of the study we noted periods of peak hydroacoustic counts and
reviewed the available video footage to seeif the entrainment was documented by the video
cameras.

No fish were observed for the recording period 11/22/05-02/15/06. Overall, the quality of the
video was poor for thisrecording period. For lack of larger objectsin their field of view, the
camera lenses were focusing on particul ates in the water and this made viewing difficult. A total
of two fish observations were made from the video footage collected for dates covering 02/15/06-
03/09/06 (Table 1). We were unable to identify the species of the two fish observed on 02/15/06.
However, both fish displayed holding behavior in front of the camera for approximately 8
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seconds. The fish observed on 02/28/06 appeared to be a Kokanee salmon. No fish were recorded
by the video at the times indicated as peak entrainment periods based on hydroacoustic data.

5.3 Fish Observations using the Hydroacoustics

Operation of the video and hydroacoustic monitoring began on November 22, 2005 and ended on
July 27, 2006. Reservoir elevations during the study period ranged from alow of approximately
460 ft-mdl to full pool at 490 ft-mdl (Figure 5.3-1). During the March period, water level in the
reservoir was reduced to below the transducer level in order to complete some Swift No. 2 canal
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Figure5.1-1. Average Hourly flow operations (cubic feet per second, cfs) for Yale Dam Turbine 1
(top) and Turbine 2 (bottom) from November 24, 2005 to July 19, 2006. Flow-type periodsare
defined along the top marginsfor reference.
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Mean Flow (cfs)

Dates Week Turbinel Turbine?2 Comment
11/24/05 - 11/30/05 1 2507.17  1947.32
12/1/05 - 12/7/05 2 2802.11  2609.34
12/8/05 - 12/14/05 3 1877.57  1778.99
12/15/05 - 12/21/05 4 2002.30  2334.37
12/22/05 - 12/28/05 5 1489.84  1257.60
12/29/05 - 1/4/06 6 4649.07  4755.73
15/06 -  1/11/06 7 4656.75  4696.40
112/06 - 1/18/06 8 4383.39  4421.22
119/06 - 1/25/06 9 4739.61  4791.53
126/06 -  2/1/06 10 4670.30  4721.36
2/2/06 - 2/8/06 11 4702.64  4794.39
2/9/06 -  2/15/06 12 444854  4515.36
2/16/06 - 2/22/06 13 442586  4446.51
2/23/06 - 3/1/06 14 457554 461155  Only 2 days of data
3/2/06 - 3/8/06 15 - - Transducers Exposed
3/9/06 -  3/15/06 16 - - Transducers Exposed
3/16/06 - 3/22/06 17 1613.12  1760.94  Only 5 days of data
3/23/06 - 3/29/06 18 176544  1566.52
3/30/06 -  4/5/06 19 207220 124587  Only 2 days of data
4/6/06 -  4/12/06 20 649.22 2236.95  Only 3 daysof data
4/13/06 -  4/19/06 21 225310  1456.71
4/20/06 -  4/26/06 22 757.95 2397.75
4/27/06 -  5/3/06 23 1.05 4521.91
5/4/06 -  5/10/06 24 1.04 4522.16
5/11/06 - 5/17/06 25 1.09 452271  Only 4 days of data
5/18/06 - 5/24/06 26 124 452341  Only 5 days of data
5/25/06 - 5/31/06 27 121 4522.82
6/1/06 - 6/7/06 28 1.29 4523.32
6/8/06 -  6/14/06 29 882.93 3300.86
6/15/06 - 6/21/06 30 1289.92  1988.12  Only 5 days of data
6/22/06 - 6/28/06 31 145182  1457.26  Only 6 days of data
6/29/06 -  7/5/06 32 1189.76 328.75
7/6/06 - 7/12/06 33 680.85 661.95
7/13/06 - 7/19/06 34 686.51 919.54

Mean Flow (cfs)

Dates Period  Turbinel Turbine2 Flow Type
11/24/05 - 12/27/05 1 210346 194436  Variable
12/28/05 - 2/24/06 2 4557.60  4616.02  Steady, High
3/13/06 - 4/22/06 3 176231 1618.15 Variable
4/24/06 - 6/10/06 4 121 449214  OFF/ Steady, High
6/11/06 - 7/19/06 5 945.05 1259.71  Variable

Table5-1. Weekly study periods with mean oper ational flowsfor Yale Dam Turbines 1 and 2 from
November 24, 2005 to July 19, 2006.

Page 22 of 44



YALE ENTRAINMENT REPORT - DRAFT

INTAKE PLATFORM
,/f__ EL 500

- EL 490
/ TRANSDUCER
q EL 466
/ACOUSTiC BEAM
16’—35/8"
133_3%31 -
UPPER FEZ
LOWER FEZ
/
P\ EL 418
T~
\\-
EL 400

Figure5.2-1. General location and cover age of the underwater video cameras ( @(). Turbinel
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Figure5.3-1. Hourly forebay elevation (ft) for Yale Reservoir from November 24, 2005 to July 19,
2006, in relation to full pool, transducers, and turbine intake locations. Flow-type periodsare
defined along the top marginsfor reference.
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construction. Therefore the transducers were shut down during this period and no entrainment
was evaluated.

Mean hourly entrainment rates and 95% confidence intervals were also calculated in asimilar
fashion for each of five flow periods defined during the course of the study (Table 5-3).

The transducer over the Turbine 1 intake collected data for atotal of 4,885 hrs during the 34-week
study period. The amount of thistime in which the turbine was ON (flows >100 cfs) totaled 2,741
hours, indicating that Turbine 1 was operationa 56.1% of the total monitoring time during the
study. The Turbine 2 transducer collected datafor atotal of 4,789 hrs during the 34-week study
period. The amount of this time in which the turbine was ON (flows >100 cfs) totaled 3,671
hours, indicating that Turbine 2 was operational 76.7% of the total monitoring time during the
study.

Hydroacoustic data was analyzed to determine daily and hourly entrainment rates. The split beam
data also provided information on the distribution of fish within the water column and acoustic
size of the entrained fish. A total of 2,741 hours of acoustic observations at the Turbine 1 intake
and 3,671 hours at the Turbine 2 intake were logged when the units were on (Table 5-3). During
the observation period, 207 fish targets were detected by the hydroacoustic transducers. This
number was expanded to approximately 1,132 fish entrained during the study period. The
expanded number of detections at Turbine 1 was 795.76 fish, and 336.15 fish at Turbine 2. The
majority of the fish (69.6%) were observed entering the intake bay to Turbine 1 (Figure 5.3-2).

5.4 Fish Observations

Estimated fish lengths were then averaged for each week, and for each of five distinct flow periods
that occurred during the course of the study (Figure 5.4-1). In addition, 95% confidence intervals
were calculated to quantify variation in the estimates (Table 5-3).

The estimated total length for the 144 observed fish a Turbine 1 averaged 18.47 £1.35 cm (7.3
in), with arange of 4.78 cmto 44.04 cm. Not included in this analysis was one 80 cm fish that
briefly moved into and out of the intake area at about 28 feet below the transducer. For Turbine 2
the estimated total length for the 63 entrained fish averaged 17.17 £1.84 cm (6.8 in), with arange
of 4.94 cmto 37.62 cm. One 69 cm fish also briefly entered and left the Turbine 2 area also at
about 28 feet below the transducer.

Hourly entrainment rates averaged 0.26 fish/hr at Turbine 1, with the highest rate (0.70 £0.41
fish/hr) occurring during Week 8 (January 2006) and during Flow-type Period 2 (0.39 £0.10
fish/hr). At Turbine 2 hourly entrainment rates averaged 0.14 fish/hr, with the highest rate (1.84
+1.55 fish/hr) occurring during Week 33 and during Flow-type Period 5 (0.58 +0.37 fish/hr).
These higher rates were the result of three days in July when fish were detected during only 1-6
hours of monitoring time. For example, July 8, 2006 recorded only 1 hour of data, during which
time one fish was detected. The hourly entrainment rate for that day was then expanded to 5.0
fish/hr. The 95% confidence intervals surrounding the estimated rates are an indication of large
amount of variability in the data for Turbine 2 during these weeks and this period (Figure 5.4-2).
Overall entrainment averaged for the two intakes was 0.1927 +/- 0.0484 (range 0.1443-0.2411) fish
per hour combined over the entire study period. That equates to an annual estimate with a 95% Cl
that ranges from 1264 to 2112 fish/yr, averaging 1688 fish/yr.
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The upper limit of the zone of entrainment was cal culated to be a distance of 18.89 ft from the
center of the intake opening. Extended vertically, the upper limit of the entrainment zone would
be approximately 38.6 ft from the transducer, or 6.4 ft above the top of the intake opening. Figure
5.4-3 shows al fish traces that were recorded while the turbines were operational (> 100 cfs) and
the transducers were functioning. For Turbine 1, 681 fish traces were recorded during the study;
537 (78.9%) of the traces were located at depths above the defined entrainment zone, whereas 144
(21.1%) traces were within the entrainment zone. For Turbine 2, 613 fish traces were recorded
during the study; 550 (89.7%) of the traces were located at depths above the defined entrainment
zone, whereas 63 (10.3%) traces were within the entrainment zone.

Viewing the distribution of the estimated total lengths of the fish tracesin Figure 5.4-3, amajority
of fish above the entrainment zone are 10 cm or less (61.8% for Turbine 1, 61.5% for Turbine 2).
For entrained fish, less than 20% are 10 cm or less (13.9% for Turbine 1, 17.5% for Turbine 2;
shown in Figure 5.4-4). A greater number of smaller fish were observed at the surface than at
depth within FEZ.
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Turbine 1 Turbine 2
Total Mean Daily Tota Mean Daily
Week Starting Date | Total Hrs  Total Fish ~ Weighted Rate M?;r:])-r L Total Hrs  Total Fish ~ Weighted Rate M((acarr:])'l' L
Fish (Fish/Hr) Fish (Fish/Hr)
1 11/24/2005 148 15 76.60 0.48 17.34 115 6 31.63 0.25 12.34
2 12/1/2005 132 6 30.79 0.24 15.30 121 1 10.17 0.11 14.57
3 12/8/2005 102 0 0 0 - 93 0 0 0 -
4 12/15/2005 104 0 0 0 - 121 0 0 0 -
5 12/22/2005 76 0 0 0 - 65 0 0 0 -
6 12/29/2005 168 8 41.46 0.25 17.61 168 2 10.43 0.06 23.00
7 1/5/2006 168 10 56.06 0.33 21.83 168 1 10.76 0.06 6.97
8 1/12/2006 156 24 116.29 0.70 19.65 157 1 5.51 0.03 19.93
9 1/19/2006 168 5 44.89 0.27 17.53 168 1 15.79 0.09 13.15
10 1/26/2006 168 12 95.38 0.57 14.86 168 1 5.35 0.03 26.95
11 2/2/2006 168 18 102.48 0.61 17.71 168 2 22.74 0.14 16.61
12 2/9/2006 160 7 33.98 0.22 18.27 160 0 0 0 -
13 2/16/2006 168 8 45.79 0.27 16.27 168 0 0 0 -
14 2/23/2006 48 4 18.16 0.38 17.89 48 0 0 0 -
15 3/2/2006 Transducers exposed Transducers exposed
16 3/9/2006 Transducers exposed Transducers exposed
17 3/16/2006 53 0 0 0 - 58 0 0 0 -
18 3/23/2006 101 1 3.6165412 0.0322905  24.85 93 1 17.17 0.15 34.57
19 3/30/2006 27 0 0 0 - 15 0 0 0 -
20 4/6/2006 14 0 0 0 - 43 0 0 0 -
21 4/13/2006 115 0 0 0 - 83 0 0 0 -
22 4/20/2006 45 0 0 0 - 99 0 0 0 -
23 4/27/2006 Turbine 1 OFF 168 2 8.57 0.05 10.88
24 5/4/2006 Turbine 1 OFF 168 5 10.63 0.06 13.69
25 5/11/2006 Turbine 1 OFF 96 1 1.55 0 12.23
26 5/18/2006 Turbine 1 OFF 120 3 711 0.06 12.56
27 5/25/2006 Turbine 1 OFF 168 1 5.35 0.03 16.27
28 6/1/2006 Turbine 1 OFF 168 1 4,92 0.03 16.83
29 6/8/2006 75 1 4.95 0.05 11.03 159 6 26.12 0.16 17.66
30 6/15/2006 80 0 0 0 - 102 1 5.30 0.08 20.56
31 6/22/2006 130 13 64.24 0.49 13.52 132 15 75.98 0.61 16.23
32 6/29/2006 86 6 30.08 0.55 11.78 28 0 0 0 -
33 7/6/2006 40 1 4.90 0.08 10.58 36 8 40.53 1.84 12.60
34 7/13/2006 41 5 26.12 0.45 10.95 47 4 20.53 0.48 20.45
Total 2741 144 795.76 0.26 16.98 3671 63 336.15 0.14 15.78
Turbine 1 Turbine 2
Total Mean Daily Tota Mean Daily
Period Date Range Total Hrs  Total Fish ~ Weighted Rate M((a?:q)‘l' L Total Hrs  Total Fish ~ Weighted Rate M?:;; L
Fish (Fish/Hr) Fish (Fish/Hr)
11/24/05 -
1 12/27/05 544 21 107.38 0.16 16.76 496 7 41.80 0.08 12.65
12/28/05 -
2 2/24/06 1390 96 554.48 0.39 18.18 1392 8 70.59 0.05 18.28
3/13/06 -
3 4/22/06 355 1 3.62 0.01 24.85 326 1 17.17 0.04 34.57
4 gﬁgjgg i Turbine 1 OFF 1025 16 48.72 0.05 13.67
6/11/06 -
5 7119/06 452 26 130.28 0.31 12.42 432 31 157.86 0.58 16.33
Total 2741 144 795.76 0.26 16.98 3671 63 336.15 0.14 15.78

Table5-3. Flow-type periodswith mean operational flowsfor Yale Dam Turbines 1 and 2 from
November 24, 2005 to July 13, 2006. Total fish detected and estimated mean lengths of detected fish
are also shown. Thelower table summarizesthe operational periods.
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Figure5.3-2. Weekly estimates of mean entrainment rates (number of fish per hour) with 95% confidence

intervalsfor Yale Dam Turbine 1 (top) and Turbine 2 (bottom) from November 24, 2005 to July 19, 2006.

Flow-type periods ar e defined along the top marginsfor reference.
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Figure5.4-1. Mean estimated total lengths (cm), with 95% confidence intervals, for fish defined as entrained
through Yale Dam Turbines 1 and 2 during each of the five flow-type periods and the overall study period.
Barswith asterisks (*) denote single fish.
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Figure 5.4-2. Estimates of mean entrainment rates (number of fish per hour) with 95% confidence
intervalsfor Yale Dam Turbines 1 and 2 during each of the five flow-type periods and the overall
study period.
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Figure5.4-3. Vertical distribution of all individual fish traces by their estimated total lengthswithin
the entire acoustic beam for Yale Dam Turbine 1 (top) and Turbine 2 (bottom) from November 24,
2005 to July 19, 2006. The hatched line indicates the upper limit of the Fish Entrainment Zone.
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Figure5.4-4. Distribution and cumulative per centages of estimated total lengths (cm), converted
from mean acoustic target strengths, for fish defined as entrained through Yale Turbines1 and 2
from November 24, 2005 to July 19, 2006.
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6.0 Discussion

6.1 Fish Entrainment Zone

The methodology of this study attempted to take into account the water velocity contours around
the turbine intakes in order to calculate a biologically appropriate velocity threshold from which
fish would be unable to escape and thus, be entrained. The velocity chosen for this threshold was
3 fps, well below the escape velocity criteria established for most salmonid life stages. For
reference, PacifiCorp and the ACC Engineering Subgroup are using 7 fps as a capture velocity
(25.4 cm steelhead surrogate) for the Swift Floating Surface Collector. We chose alower
threshold to be conservative and to allow for the possibility that smaller fish may be entrained at
lower flows, and that some fish may not attempt to avoid flows, but may instead detect them asa
cue and actively move towards the increase in velocity. This defined area was designated the Fish
Entrainment Zone (FEZ).

Currently the FEZ top wedge is based on 3 fps velocity contour and extends 18.9 ft above the
center point of theintake. If we would have used 2 fps the FEZ would extend 23.9 ft and 1.5 fps
would extend it to 28.2 ft from intake center point. At 2 fpsthiswould have resulted in increased
fish entrainment estimates by 1,305 fish for Turbine 1 and 1,121 fish for Turbine 2. Regardless of
the characteristics of the FEZ, when looking at percent of total fish entrained at Turbine 1 versus
Turbine 2 are remarkably similar to the 1997 study indicating conditions between the two studies
was similar and repeatable.

6.2 Entrainment Rates

During this study fish, overall entrainment at Y ale intakes was estimated to be approximately 0.19
fish per hour or about 1,664 fish per year. In comparison, Hiebert (Bureau of Reclamation website
www.ykfp.org/par04/Exe.Sum.Rimrock20032002) found approximately 5,500 fish per year
entrained at Rimrock Reservoir in eastern Washington. The magjority of those entrained fish

(97%) were kokanee. In arecent study at Grande Coulee Dam, about 0.17% of the entrained fish
were bull trout (9 bull trout per year). Simmons et al. (2006) detected 3,256 entrained fish at
Grand Coulee dam during a 3 month study period. The entrained fish observed by Simmons et al.
(2006) included kokanee, rainbow trout and walleye (Sander vitreus). Simmons et al. (2006)
estimated annual entrainment for salmonids was to be 3 fish per year at Grand Coulee dam with
the remainder of the entrained fish being primarily walleye and other non-salmonids.

6.3 Video Observations

One element of the Y ae entrainment studies continues to elude resolution. That is, the
identification of the species entrained. We do, however, have a clear idea of the sizes and
numbers of fish but, since there are salmonid species of similar body form and length in Yae
Lake, we cannot definitively identify species entrained.

Of the 616 hours of underwater video, only afew fish were actually observed. Thisismore a
function of the viewing areathan it iswater clarity or fish size. Simmons et a. (2006) experienced
similar problems and were only ableto film 6 fish in 72 hours of video. Their equipment was
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much more sophisticated and able to make progressive scans which may account for more fish
observations despite the larger intake area (48’ high and 29' wide). After making a second
attempt to identify species using different methods in 1997 and 2005/6, we remain challenged by
thisinformation need and the lack of technology to resolve the question at the Yale facility.

6.4 Hydroacoustics

Overadll, the hydroacoustic transducer performed very well and enabled to us to make very good
observations of the Yae turbine intakes. Because of the ability to store data and analyze it from a
number of different angles, we were able to filter out debris, identify fish size, distribution in the
water column, and proximity to the fish entrainment zone. Figure 6.4-1 is an example of how
filtering allows one to focus on fish targets and their location in relation to the intake portals.

6.4.1 Entrainment Rates

In comparison to the previous Y ale Dam entrainment study (PacifiCorp 1999), the current
estimates of total entrainment are much lower (see Appendix 2). For instance, the hourly
entrainment rate from the previous study was estimated to be 28.5 fish per hour while the current
level of entrainment is estimated to be 0.19 fish per hour. For the 11-week study period in 1997,
the hourly rate equates to 50,000 fish entrained annually, yet in September of the same year the
total Y ale reservoir fish population was estimated to be between 82,000 and 110,000 using
hydroacoustic surveys. The mgjority of the fish targets detected during the 1997 hydroacoustic
lake population survey (90 percent) were found between the depths of 17 m and 29 m (56 to 90
ft.).

Based on the 1997 hydroacoustic lake population estimate, it is unlikely that over half the lake
population was potentially entrained in the short 11-week study period. The differenceliesin
treatment of the observations. During this recent study, it was obvious, especially during
shutdown and startup periods, that there was alarge amount of debrisin the intake area that
becomes dislodged or that settles during these periods (Appendix 3). The resulting records would
have overestimated entrainment without a filtering methodol ogy that alowed for differentiation of
woody/detrital debris and fish targets. This methodology was not applied in the 1997 study. The
basic assumption in 1997 was that if atarget was observed within the intake bar racks, it was an
entrained fish. With no consideration of capture velocity, this assumption led to an overestimation
of actual fish entrainment.

With this current study, we have avery good estimate of how many actual fish targets entered the
intake gallery and, of those, how many were actually entrained using the FEZ criteria. Aswith the
1997 study, alarge difference exists between fish entrained at Turbine 1 and Turbine 2. We can
only attribute that to location. In other words, it appears that fish approach the intake gallery from
the southern shore line rather than along the face of Yale Dam. Thisresultsin more fish entering
the Turbine 1 penstock. Theimportance of that fact is debatable. What isimportant is total
entrainment and what that means to the bull trout population in particular. There is uncertainty
around how many of the entrained fish are actually bull trout. An analysis of fish length,
migration timing and vertical pelagic position may assist with minimizing the uncertainty.
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6.4.2 Fish lengths

For entrained fish, less than 20% are 10 cm or less. So that means 80% of the entrained fish
ranged from 12 to 40 cm (4.7 to 15.7 in.) in length. From Figure 6.4-2 we can see that only about
14 individua fish in that size range within the FEZ were greater than 30 cm (11.8in.). Also,
Table 5-3 lists the weekly data for the project. Note that the bulk of the larger entrained fish
(mean total length of 12 to 40 cm) occurs in the January to March period for Turbine 1. For
Turbine 2 the majority of the larger fish were entrained during the same period but about two-
thirds of those larger fish were entrained during May and June (33 actual observations). In the
1997 Y ale L ake hydroacoustic population estimate (PacifiCorp 1997), 25 percent of the acoustic
targets were lessthan 5 cm (2 in.). Mid-water trawls revea ed that the majority of the fish sample
consisted of pelagic threespine stickleback with the remaining being afew kokanee and sculpins.
The average size of an adult threespine stickleback is about 5 cm (Scott and Crossman 1979).
Kokanee, in general, can reach 9 to 20 cm by their second year (Scott and Crossman 1979).

K okanee captured in the trawl were 5 and 6.5 cm but we know that they rear in the lake and can
reach an adult size of about 29 cm (Lesko 2006).

Lesko (2006) estimates the 1995 kokanee spawning escapement to be 89,252 adult while in 1997
and 2006, the estimate was 82,821 and 55,095 adults, respectively. Clearly, even though there
were still age-1, 2 and 3 kokanee remaining in Yale Lake in 1997 and if you consider the
hydroacoustic population estimate to be fairly accurate, the majority of the fish population
consisted of spawning-age kokanee. Also, during acredl survey in 1996, kokanee made up 76
percent of the harvest. For the salmonids harvested, kokanee ranged from 18 to 34 cm, rainbow
trout ranged from 18 to 36 cm and cutthroat were 20 to 36 cm. In addition, one 33 cm bull trout
wasillegaly creeled. All of these harvested salmonids fit within the length range for the entrained
fish greater than 30 cm observed during this study. However, since kokanee are the dominant
speciesin Yae Lake, thereis ahigh probability that the entrained fish over 10 cm observed during
this current study are predominantly kokanee.

Bull trout generally residein their natal stream for the first 1 to 4 years of life (Fraley and Shepard
1989). During an effort to collect juvenile genetic material in Cougar Creek in 2003, most of the
24 fish collected were age-1 at 55 to 75 mm, about 29 percent were age-2 ranging from 110 to 130
mm, and one age-3 bull trout was 190 mm. It is reasonable to assume, then, that the mgority of
the bull trout juveniles emigrate from Cougar Creek into Yae Lakein their second year at 11 to 13
cm. Thisfalswithin the lower size range of the larger entrained fish observed at the Yale Intake.
This seemingly complicates the level of certainty regarding bull trout entrainment but we must
also include timing of movement and location in the water column within our analysis.

Bull trout move into freshwater lakes in the spring at about the same time that anadromous
salmonids migrate to sea (April and May) (Scott and Crossman 1979). Shepard et al. (1984)
found juvenile bull trout to emigrate from early May to mid-July. To take that further, let’'s
assume the Cougar Creek bull trout juveniles enter Y ale Lake by the end of June at about 13 cmin
length. Very littleis known about juvenile adfluvial bull trout once they enter their lake rearing
habitat. Generally, bull trout juveniles occupy and forage in the littoral areafor some time before
entering the pelagic zone. Bull trout juvenilesin alake environment can grow as much as 1.4 to
4.2 cm per month (Ratliff 1992, (Stelfox 1997) depending on the habitat conditions and food

supply.
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Figure 6.4-1. Vertical distribution of all fish traces by detection timein front of Yae Dam Turbine 1 on
November24, 2005, before (top) and after (bottom) filtering was conducted.
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Figure 6.4-2. Vertical distribution of fish by their estimated total lengths within the defined zone of

entrainment for Yae Dam Turbine 1 (top) and Turbine 2 (bottom) from November 24, 2005 to July 19,
2006.
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Given the topography, food supply and water conditions, Y ae Lake is much closer in comparison
to Lake Billy Chinook than it isto Lake Roosevelt so it islikely that for fish available to be
entrained, bull trout juveniles would be approximately 13 cmin June and 14.4 cmin July. With
their estimated size and littoral orientation, those larger entrained fish observed in the Y ale Intake
Gallery are not likely to be juvenile bull trout. To carry this analysis further, after one year in the
reservoir, these same juveniles would be in the 30 cm size range. By the time they reach that age
and size, bull trout are usually found in the profundal zone of areservoir (22.5m to 40m) (Connor,
et a. 1997) where they follow the diel movements of their prey. Based on the previous
information, we believe that it is safe to assume that very little sub-adult bull trout entrainment
occurs a Yae dam.

From the adult perspective, adult and sub-adult bull trout captured in the Y ale tailrace over the
past 11 yearsrange in size from 29 cm to 82 cm while Swift Reservoir bull trout rangein size
from 17 cmto 80 cm for the past 10 years. The Lewis River Settlement Agreement defines an
adult bull trout to be greater than 13 inches (33 cm). So it’srelatively safe to assume that, if adults
were not in the profundal zone and were subjected to entrainment, then those fish would fall

within the defined adult size (33 cm) to the observed adult size (82 cm). For larger fish detected
using hydroacoustics, only 5 fish in the adult size range (33cm to 41 cm) were observed within the
FEZ for Turbine 1 and only one fish in the adult size range (35 cm) was observed in the Turbine 2
FEZ (Figure 5.4-3). The size range of the observed fish within the FEZ also includes the upper
size range for kokanee (18 to 34 cm) rainbow trout (18 to 36 cm) and cutthroat (20 to 36 cm).
Only one fish observed in the FEZ exceeded 36 cm so it is quite possible that the remaining fish
targets were salmonids other than bull trout since bull trout numbers are avery small percentage of
the total fish population in Yale Lake. The current Biological Opinion (US Fish and Wildlife
Service 2006) assumes that 2 or fewer bull trout will be entrained per year at Y ale Dam and, given
the preceding discussion, we believe that this is a reasonable assumption.

6.5 Recommendations

Based on the results and analysis of entrainment at Y ale dam, thereis avery small number of bull
trout that are potentially entrained (less than 2 bull trout per year). Relative to the spawning
population size in Cougar Creek that may seem high (perhaps as much as 10 percent). However,
the size of spawners observed in Cougar Creek far exceed the larger fish that were observed in the
Yaleintake area. During data collection for pre-spawning adult bull trout in Cougar Creek,
observed adult sizes averaged 56.2 cm (s.d.=10.2 cm) (Shrier — unpublished datafrom 1993 and
1994) so it does not appear that any potentially entrained fish are greater than or equal to spawning
sized bull trout.

Considering the efforts by PacifiCorp Energy to protect bull trout habitat and their combined
effort with Washington Department of Fish and Wildlife to transport bull trout adults from the

Y ale tailrace and to monitor the spawning population in Cougar Creek, these actions protect and
foster bull trout survival in Yale Lake and Cougar Creek and serve to offset any potential loss
from entrainment at the dam. Based on the above analysis and continued conservation efforts, we
do not find there to be enough compelling evidence to warrant placement of an entrainment
reduction device at Yale for the prevention of bull trout entrainment. At a potential of about 2 bull
trout entrained per year, the expense of placement and maintenance of such a device does not
seem practical. Therefore we do not recommend any changes or modifications to the Yale Intake.
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Appendix 1

The following is an excerpt from the Lewis River Settlement Agreement:

4.9.3 Yaleand Merwin Bull Trout Entrainment Reduction. Immediately following the Effective Date,
PacifiCorp shall design and implement a study to evaluate bull trout entrainment reduction methods for
Yale and Merwin dams in Consultation with the ACC. Potential entrainment reduction methods include
installation of exclusion devices, such as strobe lights, and installation of barrier nets with submersible
cork lines and designed to accommodate a Merwin-type floating trap. Due to the small numbers of bull
trout in Yale and Merwin, any evaluation of strobe lights will be performed in Swift Reservoir. Based
upon its study, PacifiCorp shall prepare, in Consultation with the ACC, a draft entrainment reduction
plan for the Yale Project. The plan would be devel oped to minimize unacceptable incidental impactsto
bull trout or other species. PacifiCorp shall submit the draft plan to members of the ACC for comment
within 16 months after completing the entrainment reduction study. PacifiCorp shall allow at least 45
days for members of the ACC to comment on the draft plan. PacifiCorp shall finalize the plan and obtain
the approval of USFWS. PacifiCorp shall submit the final plan to the Commission upon approval by
USFWS, subject to Section 15.14, but not later than the third anniversary of the Effective Date.
PacifiCorp shall commence the approved entrainment reduction measures at Yale Dam within one year
after the Issuance of the New License for the Yale Project, and shall maintain such measures until
commencing operation of the Yale Downstream Facility. Upon the request of USFWS, PacifiCorp shall,
in Consultation with the ACC and subject to the approval of USFWS, develop criteria to determine when
similar entrainment reduction measures should be implemented at Merwin Dam. PacifiCorp shall submit
the criteria to the Commission for approval after obtaining USFWS approval, subject to Section 15.14,
within 12 months after the USFWSrequest for criteria. Once approved by the Commission, if and when
such criteria are met PacifiCorp shall commence the same entrainment reduction measures approved for
Yale at Merwin Dam, and shall maintain such measures until commencing operation of the Merwin
Downstream Facility.
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Appendix 2. Comparison of 1997 and 2006 Y ae Entrainment Studies

1997 Study

2006 Study

Transducer 59ft above penstock floor.

Pg3-53

Transducer 66ft above penstock floor.

Sampled alternately for 5 minute intervals 6 times
each hr. pg3-53

Sampled continuously for term of study

11 week sample window. Pg3-52

34 week sample window

Randomly selected 2 consecutive days from each
week to represent fish entrainment rates for the week,
used to expand fish entrainment rates per hour. Pg3-
53

Data was taken from compl ete data set. Hourly
entrainment means taken from entire sample time.

Used Love' s equation for target strength and fish
lengths. Pg3-54

Used Love' s equation for target strength and fish
lengths

Weighted and numerically expanded each detected
fish to compensate for inability to cover entire
penstock opening. Pg3-55

Weighted and numerically expanded each detected
fish to compensate for inability to cover entire
penstock opening.

Mean hourly entrainment rate was 28.5 fish for both
turbines combined. Pg3-56

Mean hourly entrainment rate for both turbines
combined was 0.19 fish

Total estimated entrained fish during study, 50,780.
pg3-56

Total estimated entrained fish during study, 1131.9

Estimated average length of entrained fish, 138mm.
pg3-57

Estimated average length of entrained fish, 178mm

Suggest fish were surface oriented. Pg 3-57

Suggest fish are surface oriented.

More fish entrained in Turbine 1(noted as Bay 2)
(60%) than in Turbine 2 (noted as Bay 1) (40%).
Pg3-59

Turbine 1 had 70%, Turbine 2 had 39%

No mention of filtering data, do mention removing
behavioral and other biases?

Pg3-61

Data filtered to not include hits outside of fish

entrainment zone (FEZ), a so filtered to exclude debris

and other static structures characterized by horizontal
banding in the echograms

In September of same year as entrainment study did a
Y ale total fish population study, estimate total
population at 82,843 -109,629, yet in 11 week

entrainment study they estimate 50,000 fish entrained.

Pg3-67

No population estimate made

Did not determine an entrainment zone

Created afish entrainment zone (FEZ) based on water
velocities and swimming ability.

Did not mention whether or not data was filtered to
not include hits received from something right below
the hydro acoustic arrays, 38ft above the top of the
penstock opening.

Use water velocities and escape velocity criteriato
create the concentric FEZ arcs that expand out from
the intake openings. Filtered out hits that were outside
of the concentric FEZ arcs.
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Appendix 3a. Actua hydroacoustic screen images showing debris settling during turbine shutdown.

PAGE 43 OF 44



YALE ENTRAINMENT REPORT - DRAFT

"vnuauml-,v.vu BioSanics, Inc. - Advanced Digital Hydraacoustics - [20051130_120832.d14 - Channel 2 Echogram - BoSanics, Inc. - Advanced D1... [= [[& 3]
| Fo View Drglay Zooming Anobyos  Configurs Window  Help EEES

IEJJJJ I::JHJHJ BEEEe el wola 2o

3670 T O T I

Ping: 4995, Degth: 7.19 meters. 113008 12:38:23
TV 40 Thensh: 5601

Abs: 001432 B (Cak 0,000 8

'*v—u.un.lp er - BioSonics, Inc. - Advanced Digital Hydroscoustics - [20051130_130832.014 - Channel 2 Echogram - BioSonics, Inc. - Advanced Di... [

B LR iy
l R L

— - sk
Pinge 8677, Depth 10. ¥ mesters 113005 13:30:23

Raady T¥Gai 40 Theesh: -50.0 & Abs: 001422 dlin ol 0,000

® Visual Analyzer - BioSonics, Inc. - Advanced Digital Hydraacoustics - [70051130_123832.414 - Channel 2 Echogram - BioSanics, Inc.

B Fio View Diplyy Zooming Andhyoe Configare Window Help

IEJJJJ I::JHJHJ BEEEe el wola s

Advanced Di... [= |[# ][]

-8 %

™ Visual Analyzer - BioSonic

 Inc. - Advanced Digital Hydroacoustics - [20051130_133832.d14 - Channel 2 Echogram - BioSenics, Inc.

Advanced Di..

ALFAONO 14:00:23 )
Raady T¥ai 40 Theash: 500 &

9!'0 2380, Depth: lz.éomom

Appendix 3b. Actua hydroacoustic screen images showing debris movement during turbine startup.
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